Introduction
Clonal seed orchards are expected to provide large amounts of seeds of high genetic quality (ASKEW, 1988; MATZIRIS, 1993; BURCZYK and CHALUPKA, 1997; KANG and LINDGREN, 1999) . Ideal seed orchards should be composed of clones that meet several conditions, including flowering synchronization, random distribution of clones and ramets, parental balance, and panmictic mating (KANG et al., 2004; KANG and MULLIN, 2007; PRESCHER et al., 2007; LI et al., 2012) . These expected conditions cannot be achieved in real seed orchards owing to clonal variation in flowering (O'REILLY et al., 1982; BYRAM et al., 1986; SCHOEN et al., 1986) . Consequently, it is important to study flowering phenology and flower production in seed orchards (ERIKSSON et al., 1973; KANG, 2000;  
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, ZHEXIN LI 2) , PAN FANG 3) , WEI LI *) and YUE LI KANG and MULLIN, 2007) , which are essential factors in achieving maximum seed production (FASHLER and EL-KASSABY, 1987; REYNOLDS and EL-KASSABY, 1990; LI et al., 2012) . Variation in flowering can cause an accumulation of group co-ancestry and inbreeding (BILIR et al., 2002) and affects genetic diversity and the production of seed crops in seed orchards (NIKKANEN and RUOT-SALAINEN, 2000; KANG et al., 2004) . Chinese pine (Pinus tabuliformis Carr.) is a native tree species of high importance in temperate and warm temperate zones, as well as in sub-humid and semiarid regions of China. Attention to this coniferous tree has been increasing because of its irreplaceable status in economic development and environmental protection in northern mountainous regions of China. A genetic improvement program for Chinese pine started in the 1970s (WANG et al., 1985) and great achievements have been made in many aspects, including tree selection, production and quality of seed lots, pollen dispersal, and assessment of the reproductive system (WANG and SHEN, 1989; CHEN et al., 1992; ZHANG and SHEN, 2002; LI et al., 2011; LI et al., 2012) . In spite of the achievements obtained so far, seed orchards of Chinese pine are still in a first-generation stage because of a long-term lack of economic and policy support, and seed yields are far from meeting the increasing need for afforestation in vast mountainous areas of northern China. Genetic improvements of Chinese pine will soon be incorporated into first-generation seed orchards and in the establishment of advanced-generation seed orchards. Consequently, there is an essential and urgent need to effectively evaluate clones during this crucial transition period.
Flowering phenology and flower production are important factors in evaluating clones. Flowering phenology has been studied in the Xingcheng seed orchard of Chinese pine (LI et al., 2012) . However, theories and methods are not sufficient to provide breeders with sufficient information on variation and stability in flower production in clones in the Xingcheng Chinese pine seed orchard. Female strobili production may have a greater impact than pollen production on seed production in a seed orchard because pollen production is usually sufficient in mating systems.
In this paper, variation and stability in female strobili production in clones were studied in a first-generation seed orchard of Chinese pine. The main goals of this study were to (1) understand variation and stability in female strobili production among clones in this orchard; (2) determine if some clones are superior to others in female strobili production; and (3) provide some basic information about pruning and roguing in first-generation seed orchards and parent selection for establishing future seed orchards.
Materials and Methods

Studied seed orchard and traits examined
This investigation was conducted in a first-generation clonal seed orchard of Chinese pine located in Xingcheng City, Liaoning Province, China (40°44'N, 120°34'E, altitude in 100 m a.s.l.). The orchard had a 7 x 7 m fixed block design. Clones in the orchard were transplanted into the field in 1975, after grafting in 1974 using 2-year-old rootstocks (SHEN et al., 1985) .
Numbers of female strobili were estimated in years 9, 10, 13, 14, 20, and 21 after grafting. Four ramets per clone were chosen randomly in 47 clones in the orchard. The number of female strobili was collected by counting all female strobili one by one in each of the selected ramet.
Climatic conditions
The studied area is in the warm temperate zone and has a typical continental monsoon climate with four distinct seasons. The area is windy in spring, hot in summer, cool in autumn, and cold in winter. Droughts occur occasionally in spring, autumn, and winter, whereas wet conditions occur in summer. Climatic data for the study area were provided by the Meteorological Bureau of Xingcheng City.
The annual average temperature was 8.6°C. January is the coldest month in a year, with a monthly average temperature of -9.1°C. The warmest time of the year is in July, with a monthly average temperature of 24.0°C. The average annual precipitation in the study area was 543.7 mm. Total precipitation values in spring, summer, autumn, and winter were 76.4, 353.6, 98.3, and 14.8 mm, respectively.
Data analysis
Analysis of variance was carried out based on the observed number of female strobili for each clone. Phenotypic and genetic correlation analyses were adopted to estimate stabilities in female strobili production among the observed years. The Anova model of stability in female strobili production between years was calculated as where Y ijk is the observed value of the kth ramet of clone i in the jth year, µ is the total mean, C i is the effect of the ith clone, Y j is the effect of the jth year, CY ij is the effect between clones and years, and e ijk is the residual.
Repeatability was estimated as
where r is the repeatability, V g is the genotypic variance, V e is the general environment variance and V t is the total phenotypic variance.
Regression analysis was used to evaluate stability in female strobili production among clones, as proposed by EBERHART and RUSSELL (1966) .
Annual environmental index:
Regression coefficient:
where Y ij is the observed value of the ith clone in the jth year, f is the number of clones, n is the year, I j is the The productivity index (PI) was calculated as , where PI represents the seed-producing ability, with a high value implying high productivity, A is the number of years, I j is the annual environment index, and g . i is the relative effect on clonal female strobili production.
. is the mean of clone i in all of the observed years, and y -... is the mean of all clones.
Results
Variation in female strobili production
Variation in female strobili production of the years in Xingcheng Chinese pine seed orchard was shown in Table 1 . As can be seen, average, minimum and maximum of female strobili were different among the observed years. Average of female strobili production increased with increasing orchard year. Coefficient of variation in year 9 and year 10 were higher than that in other years. Table 2 showed the results of analysis of variance in female strobili production in Chinese pine. The variation in female strobili production was highly significant among clones and years. Additionally, there was a significant effect of the clone by year interaction on variation in female strobili production. Variation in female strobili production could be explained by several factors: different clones have different growth rates relative to female strobili production, which is determined by genetic factors; flowering and fruiting rhythms vary from clone to clone; or changes in environmental factors in different years affected the flowering process to varying degrees. 
Note: 9a represents the 9 th year after grafting in this seed orchard of Chinese pine. Similar comments also apply to other years. N represents the number of investigated clones. Note: 9a represents correlation coefficient in the 9 th year after grafting in this seed orchard of Chinese pine. Similar comments also apply to other years. Data on the diagonal represent repeatability (R); data above the diagonal represent phenotypic correlation coefficients; data below the diagonal represent genetic correlation coefficients. ** represent significant at the 0.01 level. Correlation in female strobili production among and within years As shown in Table 3 , the correlation analysis for female strobili production among years revealed that phenotypic correlations between most of the years observed were significant. Correlation coefficients appeared to fluctuate randomly between the years investigated, which might be explained by cyclical changes in female strobili production and different flowering rhythms among clones. The genetic correlation coefficients between years ranged from 0.48 to 0.99 and were higher than the phenotypic correlation coefficients (ranging from 0.38 to 0.81), demonstrating that female strobili production between years was under strong genetic control and was inherited reliably in most of the examined clones. Repeatability for female strobili production within the years investigated ranged from 0.47 to 0.87 (Table 3) , with an average of 0.75, which demonstrates that the total genetic effects on female strobili production were above moderate. The differences in repeatability reflected changes in female strobili production from the early flowering stage to the stable flowering stage. Repeatability in year 9 (0.47) was lower than in the other years examined, possibly because there was large variation among ramets within clones in female strobili production in the young seed orchard, and this variation decreased and became stable with increasing orchard age.
Stability in female strobili production among clones
Given the highly significant variation that was observed in the interaction between clones and years Table 2) , an additional study was conducted to understand the differences in yield stability among clones in different years. The results showed significant differences in the relative stability of female strobili production among clones when environmental conditions changed (Figure 1) . Twelve clones in the orchard (25.53 %) exhibited mean stability (b i ≈ 1), meaning that female strobili production in these clones was relatively stable throughout the investigated years. A total of 21 (44.68 %) clones had a bi value significantly less than 1, indicating that female strobili production in these clones was not sensitive to changes in environmental factors among years. The remaining 14 clones, whose b i values were significantly higher than 1, had low stability in female strobili production among years.
Productivity index values for female strobili production in different clones
Productivity index (PI) values for female strobili production in different clones were presented in Figure 2 . In the studied clones, the productivity index values in the different clones ranged from -1.09 to 1.83. Clone 14 and clone 24 had the highest PI values. Clones with relatively high productivity index values included clones 15, 46, 1, 23, and 13. Twenty one clones had PI values larger than 0 and 26 had PI values smaller than 0. Therefore, the productivity index for female strobili production varied from clone to clone.
Evaluation and classification of clones
Clones in the orchard were evaluated based on the stability and productivity index information (Figures 1,  2) . As the figures show, bi and PI indicated the same changing trend. The majority of clones with high PI values had large bi values, which meant that yield stability in most high-PI-value clones was extremely low. Similarly, yield stability in most low-PI-value clones was extremely high, indicating that female strobili production was not sensitive to environmental changes among years. Clones with moderate PI values had mean stability in female strobili production. Consequently, yield stability in female strobili production can be initially estimated from female strobili production. The clones in this Chinese pine seed orchard could be divided into three groups according to their production and yield stability in female strobili production (Figure 3) . Clones in group 1 had high female strobili production, but production was not stable. Clones in group 3 showed an opposite pattern from that in group 1. Female strobili production was moderate in group 2, but production was stable among the observed years.
Discussions
Seed orchards are built to provide seeds that have high yield and genetic value. Seed production in a seed orchard cannot be maximized if production fluctuates due to changes in environmental factors among years, differences in seed-producing ability among different clones, and interactions between clones and environmental factors, which will ultimately affect genetic constitution, genetic diversity, and afforestation in the progeny. In a seed orchard, annual changes in environmental factors are objective. Studies should concentrate on the clones themselves and interactions between clones and environmental factors.
Female strobili production is an important factor that is highly related to seed production in seed orchards. Studies of variation in female strobili production form the basis of seed orchard management in first-generation seed orchards and aid clone selection for advancedgeneration orchards. Variation in female strobili production has been observed in many coniferous species. The significant variations among clones and years in female strobili production that were observed in this paper agreed with previous reports for Chinese pine (LI et al., 1996) , Scots pine (BURCZYK and CHALUPKA, 1997; SIVA-CIOGLU et al., 2009), Korean pine (KANG and LINDGREN, 1998; KANG and LINDGREN, 1999) , and Pinus thunbergii (KANG et al., 2004) . The interaction between clones and years relative to female strobili production was significant during the study period in this seed orchard, which was in accordance with previous reports (KANG et al., 2004; ERIKSSON et al., 1973) .Variations in the interaction between clones and sites were found for both cone and seed traits in another study (TODHUNTER and POLK, 1981) .
The phenotype of a certain trait is controlled by the genotype and the environment. The influence of the environment on a phenotype cannot be ignored when interactions between the genotype and environment are significant. In this case, there were strong interactions between environmental factors and the genotypes that should be considered in stability analyses. The yield stability analysis for female strobili production showed that, in this orchard, 35 clones that accounted for 71.4% of the production had b i values close to or below 1, as was found in another Chinese pine seed orchard (LI et al., 1996) . Variation in yield stability in female strobili production provides a foundation for robust clone selection and orchard evaluations.
High strobili production has always been considered an important factor for seed production in nearly all seed orchards of coniferous species (KANG and LINDGREN, Yuan et. al.·Silvae Genetica (2014 ) 63-1/2, 41-47 1999 NIKKANEN and RUOTSALAINEN, 2000; KANG et al., 2004) . The imbalance in female strobili production among clones in this Chinese pine seed orchard demonstrated that clones contribute unequally to seed crops in real seed orchards. A few superior clones could contribute a large proportion of the total seed production. Similar results have been observed in several coniferous tree species (O'REILLY et al., 1982; SCHOEN et al., 1986; BYRAM et al., 1986; KANG et al., 2004) . Parental imbalance could cause a decline in diversity in the seed crop and would ultimately affect genetic diversity in the progeny.
Seed orchards of Chinese pine are in a transition period from first generation to advanced generation. Advanced-generation seed orchards usually have fewer clones than first-generation orchards, and thus it is very important to evaluate and select clones effectively. Ideal elite clones must have the genetic potential for superior performance under ideal growing conditions, and must also produce acceptable yields under less favourable environments. Therefore, a stable genotype can be considered to be one that is capable of using the resources that are available in high-yielding environments and that has a mean performance that is above average in all environments. Clones found to have low female strobili production should be eliminated first, in agreement with the conclusions of another study (KANG and LIND-GREN, 1998) . Attention should focus on clones that have moderate female strobili production when establishing advanced-generation seed orchards. The elimination or retention of clones with high female strobili production should depend on the specific situation. Some clones with high female strobili production could be chosen as elite clones because the number of years in which these clones are best suited to the environmental conditions is larger and some clones (such as clone 15 in this orchard) have stable flower production. Clones that could not boost productivity should be treated as candidates for elimination in this Chinese pine seed orchard. The combination of selecting for both stability and productivity could aid in comprehensive and systematic evaluations of clones in existing seed orchards.
Conclusions
Several conclusions can be drawn from this research: variation in female strobili production was highly significant among clones and years, and was affected by the interaction between clones and years in the Xingcheng first-generation Chinese pine seed orchard. Year-year correlations in female strobili production in the Xingcheng Chinese pine seed orchard were under strong genetic control. The relative stability of female strobili production varied from clone to clone in the years studied in the Xingcheng Chinese pine seed orchard. Yield stability in female strobili production among clones could be estimated from female strobili production. Yield stability in high-yield clones was extremely low. Female strobili production in low-yield clones was not sensitive to changes in environmental factors. Clones with moderate female strobili production showed mean yield stability among years.
